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The contribution of smart campuses to smart cities’ development and vice versa has been
elucidated in extant literature. The micro-transfer of smart technologies and probable
procurement and contracting models remain critical for such contributions to take place.
This study used a systems thinking approach to establish the interrelationships existing
between smart campus technologies which can be scaled towards the development of
smart cities and assess the critical failure factors negating the micro-transfer of these
technologies to smart city development initiatives in developing countries. To achieve its
objective, the study adopted a phenomenological research design wherein qualitative data
was elicited from a purposively selected sample of seven interviewees in South African
Universities. The next phase of the analysis involved a thematic approach for the
production of a causal loop diagram (CLD) reflecting the interrelationships between the
abovementioned facets and the associated impact on the transference of knowledge and
technologies from smart campuses to smart cities. This CLD was subsequently validated
by a cohort of five experts. Findings from the validation phase were incorporated in an
improved CLD which provided different archetypes for engendering successful
transference. This study holds salient implications for universities, cities and other
stakeholders seeking to engage in a quadruple helix innovative arrangement for smart
campus/city development. This study concluded that smart campuses could act as living
labs for future smartness of cities globally. Government funding and willingness to produce
smart cities from campuses is a fundamental feature of creating smart infrastructure in
cities.
Keywords: causal loop diagram, developing countries, smart campus, smart cities, systems thinking
INTRODUCTION
Higher education institutions, one of the 169 targets, are expected to contribute their quota in
achieving the UN Sustainable Development Goals. This responsibility of the university will be
achieved by making concerted efforts directly and indirectly and paying adequate attention to
protecting the environment, social inclusion and comprehensive economic growth. One of the many
ways universities can add value to sustainable development goals is to establish smart campus







Eindhoven University of Technology,
Netherlands
Assed N. Haddad,






This article was submitted to
Sustainable Design and Construction,
a section of the journal
Frontiers in Built Environment
Received: 08 August 2021
Accepted: 22 September 2021
Published: 14 October 2021
Citation:
Omotayo T, Awuzie B, Ajayi S,
Moghayedi A and Oyeyipo O (2021) A
Systems Thinking Model for
Transitioning Smart Campuses
to Cities.
Front. Built Environ. 7:755424.
doi: 10.3389/fbuil.2021.755424
Frontiers in Built Environment | www.frontiersin.org October 2021 | Volume 7 | Article 7554241
ORIGINAL RESEARCH
published: 14 October 2021
doi: 10.3389/fbuil.2021.755424
for achieving the following SDGs: clean water and sanitation
(Kuo et al., 2018), affordable and clean energy (Weng et al., 2019;
Yuliansyah et al., 2019), sustainable cities and communities (Liu
et al., 2017; Subbarao et al., 2019), responsible consumption and
production (Lo, 2019) and climate action (Liu et al., 2017;
Rodrigues et al., 2019). Muhamad et al. (2017) reckoned that
several definitions of smart campus in literature are based on
technology, smart city and business process. A smart campus is
a result of the collaboration of technologies such as Big
Data, cloud computing, Internet of Things (IoT), Internet and
high-performance computing, virtualisation, mobile network
and social network, sensors and common communication
interfaces, 6LoWPAN (IPv6 over Low Power Wireless
Personal Area Networks); and RFID (Radio-Frequency
Identification) (Hu and Yan 2016; Wei 2016; Zhang and
Jiang, 2018, Arshad et al., 2017; Guo and Zhang, 2015;
Ivanovski, 2015; Majeed and Ali, 2018; Nie, 2013; Luo, 2018).
However, a smart campus embodies the interactions of
virtual and physical spaces to create new experiences by
using intelligent devices on an IoT network to ensure
operational efficiency (Petcovici and Stroulia, 2016). These
innovative experiences arising from the utilisation of smart
technologies improve students’ lives by automating workflows,
conserving resources, eliminating waiting time and most
importantly, improving student services within an academic
environment.
Vasileva et al. (2018) reckoned that campuses are smaller
versions of cities. The similarity is related to the facilities
and infrastructure such as retail outlets, buildings, energy
generation/distribution, waste treatment, transport and road
infrastructure, medical outlets and sports centres. In some
instances, tertiary institutions are bigger than cities. This
assertion is confirmed by Villegas-Ch, Palacios-Pacheco
and Luján-Mora (year) who argued that the enclosed
academic environment for learning, such as universities,
can be huge compared to cities. Either way, the two
concepts are similar in the challenges faced by their users
and the associated delivery of improved services and
satisfaction. The use of digital technologies in campuses
making it “smart” in a quest to make it more functional
will aid the evolution of more smart cities. Popoola et al.
(2018) posited that smart campuses have some
interrelationships with the cities where they are located in
terms of digital infrastructure and innovation. The increase in
smart campuses with its associated infrastructures is the
springboard for establishing more smart cities to attain
sustainability goals, among others.
Research Aim and Novelty
The study sets out to develop a model which examines the
interrelationship between infrastructure elements of smart
campuses as a tool for smart cities in developing countries
using a system thinking approach. The novelty of this study
lies in the research analytical method of systems thinking
archetypes that can be used to micro-transfer smart
infrastructure from smart campuses to cities in developing
countries.
The remaining part of this article is presented as follows:
Literature Review presents the technology and IT infrastructure
for the efficient smart campus and smart learning and teaching
analytics. Methods and Materials reveals the research approach
for carrying out the study; Analysis and Results presents the
results and discussion of findings. The last part of the article is the
implications and conclusion for the study.
LITERATURE REVIEW
Smart Campus Infrastructure
The concept of a smart city is based on the principle of smart
infrastructure, where there is an interconnection of digital
components to generate and use data intelligently to improve
the performance of systems through the efficient use of resources
(UN, 2016). The core infrastructural elements needed for smart
city solutions include but are not limited to a sustainable
environment, comprehensive IT digitalisation, efficient waste
management, energy management, effective urban mobility,
e-governance, telemedicine/education and constant electricity
supply as identified by Omotayo et al. (2021) as presented the
framework of Figure 1. Some of the smart city infrastructures
within a city allow smart campus development within the same
city. The smart city infrastructural systems become the platform
for establishing mini-cities in the form of co-existence between
the university and its communities.
Smart campus initiatives are based on the concept of IoT and
its relative interaction with educational buildings through
smart network grids (Omotayo et al., 2021), utilising and
controlling a large volume of data remotely in the process.
The initiative is premised on the construction of smart
buildings or the repurposing of old campus buildings to
create a sustainable environment essential for academic
activities (Chen et al., 2017). The study of Omotayo et al.
(2021) revealed that IoT-smart building interaction necessary
for the smart campus is driven by 5G and 6G flagship, smart
grid, artificial intelligence, fog computing, green computing,
repurposing, energy management, smart teaching and learning.
Using the technology of IoT and smart classrooms, social
benefits arising from the management of resources within
the university ecosystem as well as the efficient and effective
citizen and e-governance services to the society emerge (Zhang
L. et al., 2020).
Moura et al. (2021) argued that the use of large educational
buildings and other facilities encourages high energy
consumption costs within campuses, prompting the need for
efficient energy management systems (EMS) through smart
campus solutions. However, the integration of IoT provides
monitoring and controlling platforms to evaluate the
generation and demand of electricity supply, achieve energy
use sustainability, and adopt smart devices to control loads
through data. Cloud computing coupled with machine
learning analysers is an essential component for the effective
running of EMS within a smart campus network grid (Omotayo
et al., 2021). The significant drivers are building information
modelling to building energy model, renewable energy,
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photovoltaic, laser scanner and net-zero energy. Conversely, the
most important driver in establishing an EMS for refurbishing an
existing education building towards a smart campus is the
application of BIM in BEM (Mazza, 2015; Michailidis et al.,
2018).
Technology and IT Infrastructure
The conceptual framework of the infrastructural element of smart
campus developed by Omotayo et al. (2021) highlighted the
components of technology and IT infrastructure for a smart
campus to include smart campus construction, micro-grid,
robotic course, and cognitive course load, critical thinking,
microservice, integrated service and load characterisation.
According to Alrashed (2020), smart technologies are
employed by educational institutions to address the problems
related to the privacy of users, technology uptake and climate
change through the development of smart network grids. Several
authors including Chenoweth (2020), reckoned that the use of
micro-grid in university campuses is on the rise as a recent
development in the quest to achieving smart campus solutions.
The smart, inclusive technologies technology covers all
students, especially students with disabilities, supports equality
among students and the efficient management of teaching and
learning within the academic environment. According to
Omotayo et al. (2021), smart buildings in smart campuses
reinforce big data principles, encourage infotainment learning
and ubiquitous game-based learning for disabled students, and
most notably, fragmented learning participatory involvement of
students with diverse backgrounds. The concept of smart campus
applications is made more effective with mobile apps by major
stakeholders, academic and non-academic staff with and
including students. Omotayo et al. (2021) hinted that IT
continuance, IT adoption, social networks, and IT use are the
significant drivers for smart campus applications. Other notable
variables related to smart campus applications are higher
education, teaching and learning, information systems and
applications.
Continuous Improvement of the Smart
Campus
The sub-elements of deep learning architecture in data mining
processes in the smart campus are virtual reality, attendance
systems, augmented reality, android, mobile edge computing,
accuracy metrics, sliding window filters and face recognition
(Omotayo et al., 2021). One of the major features of deep
learning architecture is face recognition, which ensures
campus security and safety. In the same vein, virtual and
augmented reality in teaching and learning has many benefits,
especially to ensure interaction and arouse study interest in
different subject matters.
Data mining involves discovering valuable information,
knowledge and pattern behind a large volume of data using
machine learning to make decisions and measure performance
(Qin and Chi, 2020; Vivi et al., 2015; Jiang et al., 2017). Most
university campuses use data mining to assess student’s grades,
evaluate student’s involvement in class activities, library usage,
and campus applications. Similarly, smart campus data analytics
FIGURE 1 | Elements of a smart campus infrastructure (Source: Omotayo et al., 2021).
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are used to measure the presence of the staff activities and
researches online. The drivers of data mining in smart
campuses are web service, data analysis, statistics, random,
ranking analytics, bibliometric and cite score. Auto-analysers
are relevant to the effectiveness of smart buildings within a
smart campus network infrastructure. Machine learning,
experiment, testbed, interference, air quality monitoring and
packet error rate are auto-analyser variables used to assess the
continuous and active performance of the buildings within the
territory (Omotayo et al., 2021). The concept of auto-analysers as
an important component in smart campus studies is new,
although advances in research in the area is on the increase.
Performance measurement and forecasting is an essential
element of smart campus infrastructure as it involves
understanding the smart grid network and other smart
applications (Bilau et al., 2015). The large volume of data at
the disposal of the university is processed and used for
establishing the level of performance in academic-related
activities. The key variables associated with performance
measurement and forecasting in the smart campus include
path loss, auto-scaling, loss models, forecasting, horizontal
scaling, quality of service, radio propagation and vertical
scalability (Omotayo et al., 2021). The state of the smart
campus infrastructure can be measured with the quality of
service, use of path loss and loss model. While performance
measurement is suitable for assessing energy consumption in
university buildings, forecasting seeks to evaluate energy future
usage in those campus buildings and assess the efficiency of smart
technologies in ensuring quality services and learning activities of
the students. Putman et al. (2019) opined that horizontal
scalability ensures more resources are added to existing smart
campus network infrastructure. Vertical scalability is responsible
for resizing servers and sensors to add more features for the
efficiency of the smart network infrastructure.
Smart Learning and Teaching Analytics
Campus information portal (CIP) is an integrated platform in
campus life that is set out to collect and release information to
ensure efficiency, personalisation, security and other important
campus resources (Zhicheng and Feng, 2018). Omotayo et al.
(2021) enumerated that energy consumption and efficiency,
blended learning, education data mining, smart classroom,
collaborative learning, sustainable education, and learning
analytics are key ingredients of CIP. One of the many features
of CIP is the ability to oversee efficiency in energy consumption,
considering the huge cost of energy worldwide. The data of the
amount of energy used within campus should be available and
ways to achieve energy efficiency. In addition, CIP should provide
the platform for blended and hybrid learning for the teaching of
students, which the current times allow (Zhang L. et al., 2020;
Zhang Y. et al., 2020).
Learning management system (LMS) is a recent technology
adopted in university education to create course content, its
associated delivery and management (Mershad and Wakim,
2018). The centralised technology that incorporates
instructional features involves student administration,
evaluating attendances, and assessing student submissions. The
major components of LMS in a smart campus are real-time
monitoring, wireless fidelity (Wi-Fi), camera, automation,
autonomous vehicle, sensor, wireless sensor network, and it
has become an integral part of the smart campus. The
technology of LMS assists in the monitoring of student’s
attendance, hinged on good Wi-Fi systems and sensor
networks to aid effective learning scenarios (Sun et al., 2018).
Transportation for students in a big campus environment could
be a problem that can be resolved by providing autonomous
vehicles within the university premises. In addition, the provision
of an effective Wi-Fi system is a bedrock for efficient IoT for any
campus environment. The use of a close circuit camera will help
ensure safety on smart campuses, which aid the security of
students and staff.
Campus equipment management services (CEMS) include
components in the smart campus such as mobile robotics,
optimal deployment, application framework, radio frequency
identification, smart devices, Petri net modelling, localisation
and hazard area management service (Omotayo et al., 2020a).
Zhou et al. (2020) reckon that RFIS is an important ingredient for
establishing smart campus solutions. The hazard area
management service and campus visitor management systems
ensure on-site and online campus security (Luo, 2018; Liang,
2020).
The last element of smart learning and teaching analytics
considered significant in smart campus infrastructure is the
education management system (EMS). As reported in
Omotayo et al. (2021), the related components of EMS are
mobile computing, e-learning, mobile learning, and artificial
intelligence. The adoption of mobile computing and learning
is further enhanced with smart mobile gadgets and devices by
lecturers and students (Li, 2020). The management team of smart
campus are to provide enabling framework and environment
powered by mobile computing and artificial intelligence to
enhance smart learning by students.
Research Gaps and Scope of the Study
Recent studies by Min-Allah and Alrashed (2020); Omotayo et al.
(2021); Zhicheng and Feng, (2018); Zhou et al. (2020); andMoura
et al. (2021) reviewed and developed frameworks for smart
campuses. The aforementioned studies did not consider the
typologies of transferring smart cities to cities. The
relationship between the attributes of smart campuses have
only been identified and not studied. This study therefore
intends to develop transferrable attributes of smart campuses
to cities in developing countries with a focus on South African
Universities. The causal relationships between smart campus
features will be studied for the purpose of understanding what
can be transferred to a larger environment.
METHODS AND MATERIALS
The Surveys may be quantitative or qualitative (De Vaus, 2013).
Qualitative data in the form of survey interviews aims to extract
opinions about a subject topic, issue, or knowledge outside the
social phenomenon (Folkestad, 2008; De Hoyos and Barnes,
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2012). Hence, interviews aid the creation of new knowledge from
a social constructivist paradigm. Figure 2 expresses the research
protocol adopted for this investigation visually.
The first phase of this study reviewed the latest knowledge in
smart campus research in a literature review and collected
interview data. The outcome of the literature review informed
the interview question design and sampling approach. Hence, the
Theoretical sampling approach was used in this study.
Theoretical sampling is a non-probabilistic sampling that
targets the strategic individual with the right knowledge or
opinion about the aim of a study out of a sample population
(De Vaus, 2013). In this study, a theoretical sampling technique
was used to collect interview data from two Universities in South
Africa. Seven (7) respondents were interviewed, and the interview
was discontinued at reaching the saturation point. Guest et al.
(2006) and Weller et al. (2018) noted that saturation point is
attained in an interview when the interviewees provide the same
set of responses, and it will be redundant to have another
interviewee further. The profile of the respondents is explained
in Interviewee Demography. The data collected from the
interviewees were then analysed qualitatively.
The second phase of this investigation analysed the interview
with the aid of NVIVO content analysis. The themes were derived
from the process of analysis and discussed descriptively. The
categorisation of the themes was led to the third phase of
this study.
In the third phase, after creating the themes through NVIVO
content analysis, endogenous and exogenous variables were
compiled for the causal loop diagramming with systems
thinking. The development of a causal loop diagram for smart
campuses to cities was validated in the next stage.
The validation of the causal loop diagram developed from the
qualitative content analysis of responses provided by experts. The
validation phase employed the opinions of five (5) experts from
the United Kingdom, South Africa, and Pakistan, as explained in
Smart Campus Infrastructure. The causal loop diagram was sent
to the experts who provided their opinions for subsequent
improvement of the final model.
The next sections addressed the first phase of this investigation
as derived from the data collection process and analysis. A new
causal loop diagram was produced in the fifth and final phases,
and the archetypes extracted from the model were discussed. The
implications of the archetypes on the realisation of smart cities in
developing countries were further discussed with the aid of a force
field diagram.
Interviewee Demography
All seven interviewees in this study are based in South African
Universities as shown in Table 1. The respondents are in
administrative positions in the university. One of the
interviewees, SUA5, is the university’s deputy vice-chancellor
and has been involved in strategy formulation. SUA6 is the
director of estates and facilities management. All respondents
have BSc and MSc degrees with over 2 years in the role they
occupy in their various Universities.
Two (2) of the interviewees classified their university as a
smart campus. However, the remaining five (5) find it difficult to
categorically classify their campus as a smart campus even though
they have some available technologies. Notwithstanding, the
questions asked the interviewees were about:
• The applicability of smart technologies on campus.
FIGURE 2 | Research protocol. Source: Authors.
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• Procurement, contracting and construction of smart
infrastructure
• How to micro-transferring smart campus technology to
cities
The interview outcomes, which were partly conducted
through computer-mediated interviews using MS Teams, were
analysed using NVIVO and presented in the next section.
ANALYSIS AND RESULTS
NVIVO content analysis the interview data by following similar
protocols adopted by Rapley (2001); Roulston (2014); and
Omotayo et al. (2019) whereby:
a) Transcriptions were conducted, and coding of individual
contexts was identified and associated with the aim of
the study.
b) Themes were created after categorising each context based on
the aim of the study.
c) The themes are broken down into nodes that are related to the
aim of the study.
d) Cases are created from the nodes.
e) Interpretation of the cases is conducted descriptively to
understand their implications for the study.
The themes produced from the analysis are smart campus
infrastructure, procurement, contracting and construction, and
Critical success factors for micro-transferring smart campus
technologies to cities. Each of the themes under the categories
was discussed in the sections below.
Smart Campus Infrastructure
The seven (7) themes in this section were drawn from the
outcomes of the thematic analysis. Internet-of-things (IoT);
Building management systems; Campus Energy management
systems; Security systems with facial recognition technology;
Performance measurement; Class instruction and engagement
platforms; and Smart renewable energy grid were identified as the
applicable technologies for the smart campus.
Theme 1- Internet-of-Things (IoT)
Wireless fidelity (WIFI) working with devices such as security
sensors, scanners, facial recognition technology, renewable
energy system, smart meters and other education devices on
campus are considered as important in the concept of smart
campus (Abuarqoub et al., 2017; Sari et al., 2017). Interviews
SUA2, SUA6, SAU7 all agreed that IoT is essential to attaining a
smart campus. However, interviewee SUA3 stated that “There is
no, too little IoT installed on campus.” SUA4 also noted that
“IoTs are marginally used for teaching and learning.” SUA3 and
SUA4made it clear that IoT is not just aboutWIFI but the devices
used for teaching and learning, absent in South African
Universities. IoT forms the basis of smart technology of smart
campuses, and it must be available to meet the requirements of a
smart campus.
Theme 2- Building Management Systems
SUA5 and SUA6 identified smart lighting, real-time occupancy
systems, water leak detection with smart sensors, and self-service
technologies as components of a building management system in
a smart campus. Muhamad et al. (2017) and Prandi et al. (2020)
identifies sensors as the basic smart building management system.
Therefore, a smart campus must be fitted with sensors to monitor
and manage the energy performance, facilities usage, and overall
performance of buildings on campuses.
Theme 3- Campus Energy Management Systems
The energy management system of campuses must include
sensors and smart devices for the monitoring and data storage
of indoor air quality and parking spaces mapping (Aman et al.,
2013; Talei et al., 2017). SUA5 noted that indoor air quality
management systems and parking space mapping are essential
technologies on campuses hoping to become smart.
Theme 4- Security System With Facial Recognition
Technology
Mobile and contactless payment devices, smart IP video cameras,
facial recognition technology, geofencing technologies and smart
locks are attributes of a security system as identified by
participant SUA6. Facial recognition and security applications
may be sourced or developed by the IT service team on campus
specifically for the University (Thorat et al., 2010; Devitsyna et al.,
2019; Andrejevic and Selwyn, 2020). The security of campus users
is essential, and there is a need to ensure that campuses adapt to
the standards of using smart security systems.
Theme 5- Performance Measurement
Big data is an important component of smart campuses, and the
application of datamining in evaluating the performance of the smart
infrastructure is essential for continuous improvement (Omotayo
TABLE 1 | Demography of interviewees. Source: Authors.
Specialisation Interviewee code Role in the university Number of years on the role Existing smart campus
Properties and services management SAU1 Managing director 7 YES
Green building and engineering SAU2 Director: Environmental Sustainability 2.5 YES
Construction manager SAU3 Head of department 7 NO
Electrical engineer SAU4 Dean of faculty 3 NO
Civil engineer SAU5 Deputy vice-chancellor 4 NO
Facilities manager SAU6 Director of Estates and Infrastructure 2 NO
Electrical engineer SAU7 Senior Lecturer 2 NO
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et al., 2021). To support this theme, SAU1 noted that “. . .energy and
water data for monitoring and optimising building performance. . ..”
However, SUA4 noted that “. . .discussions underway to plan the use
for forecasting.” SAU1’s identification of energy and waste data
monitoring and optimisation is geared towards improving
building performance. SUA4’s opinion of performance
measurement is applicable in forecasting energy usage and
building performance. The existence of smart infrastructure on
campus must be improved through constant performance
measurement using data harnessed on campus.
Theme 6- Class Instruction and Engagement
Platforms
Smartboards, campus information portals, equipment
management, education and learning management system are
essential attributes of a smart campus (Omotayo et al., 2021; Min-
Allah and Alrashed, 2020). SAU5 stated that the aforementioned
online platform ensures student engagement, especially when
they are away from the university due to social restrictions.
Classroom instruction and online engagement platforms for
teaching and learning may be procured or developed by the IT
service on campus.
Theme 7- Smart Renewable Energy Grid
Sustainable development is an important aspect of smart campus
development (Althobaiti et al., 2020; Min-Allah and Alrashed,
2020; Moghayedi et al., 2021). SAU5 and SAU6 agreed that as
part of sustainable building construction on campus, waste
management, renewable energy such as solar photovoltaic
panels and smart wastewater management systems are




All seven interviewees noted that contractors are required to
supply and install smart campus infrastructure. The themes
drawn from the procurement contracting and construction
were analysed to produce the themes of competitive
procurement, design and management, and contractual
arrangement.
Theme 1- Competitive Procurement
SAU1, SAU2, SAU5 and SAU6 used traditional procurement and
competitive design and build, to describe the strategic process of
acquiring new smart campus infrastructure. Competitive
tendering is also applied in this process to ensure transparency
and open competition (Althobaiti et al., 2020; Min-Allah and
Alrashed, 2020). SAU2 noted that “there is a good document
procurement process with different tiers based on contract value.”
SAU3 noted that invitation tenders are advertised in government
gazettes to identify the most suitable contractors competitively. It
is important to provide a structured and strategic arrangement for
identifying and selecting specialist contractors in smart campus
procurement.
Theme 2- Design and Manage
SAU1, SAU5 and SAU6, noted that the IT service might use
manufacturer extended responsibilities to supply and install
smart devices on campus. This arrangement is a design and
manage procurement strategy that uses suppliers who are mostly
manufacturers to not only have the ability to supply and install
but also engage in the maintenance of smart campus
infrastructure and the IT service.
Theme 3- Contractual Arrangement
The traditional contractual arrangements using the Joint
Contract Tribunal (JCT), New Engineering Contract (NEC),
and the International Federation of Consulting Engineers
(FIDIC) contract suits are being used in the procurement and
construction of smart campuses (Omotayo et al., 2021). SAU5
supports this theme by identifying JCT 2016, NEC4 and FIDIC as
standard contract suits applied in smart campus procurement
and contractual arrangement. Within the aforementioned
standard forms of contracts and responses from the interview,
lump sum and fixed-price contracts are mostly used in smart
campus projects.
Barriers NegatingMicro-Transferring Smart
Campus Technologies to Cities
This final category of themes aimed to identify the challenges
of smart campus knowledge transfer between Universities in
South Africa and the government for the creation of smart
cities. The themes which emerged from the interview analysis
are ignorance, resistance to change, the university’s
consultancy role and upskilling, source of capital for smart
technologies, integration with existing technology, and the
development of prototypes and stakeholder engagement and
focus on transportation.
Theme 1- Ignorance
SAU5 identified ignorance as the leading barrier facing the
development of smart cities in South Africa. SAU5 explained
that government officials have limited knowledge about smart
cities and the potential universities have to transfer their
knowledge, provide training and support for a civil servant.
This theme was further supported by resistance to change.
Theme 2- Resistance to Change
SAU3, SAU5 and SAU6 all identified resistance to change as
the bane of knowledge transfer from universities to local
government for smart campus development in South Africa.
SAU3 specifically stated that “. . .resistance to change and
status of institutional policies,” as the barrier facing smart
cities development. As suggested by SAU3, resistance to
change can support by Chourabi et al. (2012) and
Khansari et al. (2014) studies of challenges affecting the
development of smart cities not only in South Africa but
in other developing countries. This theme can be linked to the
next theme, the university’s consultancy role in facilitating
the development of smart cities and up-skilling.
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Theme 3- The University’s Consultancy Role and
Up-Skilling
SAU5and SAU6 noted that universities in South Africa could play
a role in transferring knowledge and training civil servants who
are in charge of technology, procurement, and property
management. SAU4 provided more clarity on this challenge by
noting that “. . .lack of collaboration between a university and
local government on these issues is the main challenge.” SAU1
opined that:
“There are several projects at a local and national level
that university and government can closely collaborate
and work together on. This depends on the type and
nature of the project the funding, but majority funded
either with SA government (local or national) or
research funders (local and international).”
The university can provide consultancy services to enhance
the capabilities of the government in procuring smart
infrastructure. The smart campus procurement strategy used
in universities may also be piloted in cities.
Theme 4- Source of Capital for Smart Technologies
The source of funding for developing smart cities is a major
obstacle facing many developing economies. SUA6 suggested
foreign financial agencies such as IMF and World Bank loans
and grant applications as an opportunity for developing countries
such as South Africa. In financing smart cities construction, Alok
and Vashist (2016) and Hamilton and Zhu (2017) identified
special purpose vehicles, fiscal policies, public-private partnership
(PPP), performance-based revenue models and government
investments strategic sources. In most developing countries,
the option of loans and grants may be viewed as a quick
source of revenue for capital projects. However, reorganising
the fiscal policies for infrastructure development can repurpose
the spending agenda towards smart infrastructure invites cities.
Theme 5- Integrating Local Technology With Existing
Technology
SAU6 raised the challenge of integrating smart technology with
existing ones in the cities. Hence, there is a need to up-skill the
workers who engage in technology deployment and maintenance
in the civil service. This may be achieved through knowledge
transfer partnerships between the Universities with smart campus
technologies and the local government.
Theme 6- Development of Prototypes and Stakeholder
Engagement and Focus on Transportation
One of the suggestions raised by SAU1 was “focus on water,
electricity and street lighting networks with online monitoring
and control.” SAU5 also suggested that the government and the
university can focus on the transportation section alone as a form
of micro-scale transfer of knowledge. In attaining smart cities in
developing countries, a micro-scale project can be used as a
prototype to demonstrate the benefits, costs, and opportunities
smart cities can provide.
SYSTEMS THINKING: CAUSAL LOOP
DIAGRAM
Ackoff (2003); Behl and Ferreira (2014); Loosemore and Cheung
(2015); Prince, Zhen and Stephen (2016); and Awuzie et al. (2021)
described systems thinking as an analytical tool of identifying
deficiencies, observing new patterns and understanding
interrelationships of cause and effect of a phenomenon. In this
regard, systems thinking provides an in-depth understanding of a
broad concept rather than the usual findings extracted from
qualitative or quantitative data analysis. Systems thinking
views social phenomena such as a smart city from an iceberg
perspective.
The causal loop diagram represents the influence of one
variable on another with an arrow starting from a “+” or “S”
signs for positive impact or increase, or “–” or “O” sign for
negative impact or decrease (Lezak and Thibodeau, 2016;
Omotayo et al., 2020b; Awuzie et al., 2021). Therefore, the
causal loop diagram will create looks that are usually
reinforcing with the “R” sign or balancing with the “B” sign
contained in a direction arrow. The reinforcing loop is created
when there are even numbers of “+” or “S,” or “–” or “O” in a
loop. When there is an odd number of “+” or “S,” or “–” or “O,”
then a balancing loop will be indicated in the loop. Before the
design of a causal loop, the exogenous and endogenous variables
must be determined. In this study, the findings of the qualitative
analysis formed the system of the exogenous and endogenous
variables.
A summary of the interview findings was compiled in
Figure 3. The findings from Smart Campus Infrastructure,
Procurement, Contracting and Construction, to Barriers
Negating Micro-Transferring Smart Campus Technologies to
Cities were categorised as exogenous and endogenous variables
to develop the causal loop diagram in Initial Causal Loop Model.
Exogenous variables are external variables affecting a system,
while endogenous variables are the internal variables in a system
(Omotayo et al., 2020a; Iheukwumere et al., 2021). The system, in
this instance, is the smart city and campus within the city. The
exogenous variables in Figure 3 are mostly barriers and issues
existing to limit the attainment of smart cities. The endogenous
FIGURE 3 | Summary of interview findings as exogenous and
endogenous variables. Source: Authors.
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variables are themes that act as opportunities and strengthen the
position of cities for smartness.
Initial Causal Loop Model
The initial causal loop diagram is designed from the constituents
of Figure 3. The process of creating the causal loop diagram
coloured smart campus infrastructure in red, smart campus
procurement, contracting and construction in purple colour,
and opportunities and challenges for micro-transferring smart
campus infrastructures and knowledge to cities in blue colour.
The new variables where were not identified in the analysis were
indicated in black colour.
These new variables began with data mining from the left-
hand side of Figure 4, and it has a positive impact on
performance measurement and deep learning architecture.
Cloud computing also influenced performance measurement.
Smart building construction is central to the construction and
energy management system as a positive variable. Education
management systems and inclusive technology positively
influence classroom instruction and engagement. Notably, in
the top right corner, world bank and international grants,
grant and loan applications positively influence the
government’s desire to have a smart campus.
Community engagement meetings balance the negativity of
ignorance and resistance to change. Tender analysis and specialist
contractor selection and award of the contract positively
influence contract administration and procurement of smart
buildings. The initial casual loop diagram of Figure 4 must be
validated before relying on the system’s findings.
Validation of Findings
The purpose of the validation process is to investigate the
applicability, practicality and ease of using the causal loop
diagram in Figure 4, not only in developing countries, but
around the world. The validation process was also to verify,
investigate and identify any deficiencies in the variables included
in the causal loop diagram. The causal loop diagram in Figure 4
was sent out by email to selected experts using the same purposive
sampling approach adopted for the qualitative analysis. Five (5)
experts in three continents of Europe, Asia and Africa provided
dynamic viewpoints of the causal loop diagram for improvement
and practical application as presented in Table 2. In all, two (2)
experts from South Africa SA-EXP1 and SA-EXP2 with 27 and
10 years’ experience individually provided their African
perspective on the model. An IT expert, PA-EX, from Pakistan
with a year of experience, provided expert opinion on the model.
Experts from the United Kingdom, UK-EXP1 and UK-EXP2,
having 21 and 7 years of experience, respectively, responded to
the validation process.
Table 3 summarises the expert opinions’ comments and the
nature of changes effected in the model to produce a validated
causal loop diagram. The validation questions were about the
nature of variables, connectivity of the variables, and
practicality. All five experts agreed that the model could be
FIGURE 4 | Causal loop diagram showing transference of knowledge and technologies in smart campuses to cities (Legend: Red variables  smart campus infrastructure;
Purple variables  smart campus procurement, contracting and construction; Blue variables  opportunities and challenges for micro-transferring smart campus infrastructures
and knowledge to cities; In black  new variables that emerged from the causal loop; S  Positive; O  Negative; R  Reinforcing loop; B  Balancing loop). Source: Authors.
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TABLE 2 | Profile of the experts who provided their opinions in the validation phase. Source: Authors.
Expert opinion code Country of residence Professional expertise Years of experience
SA-EXP1 South Africa Transportation engineering and construction project 27
UK-EXP1 United Kingdom Project Manager 21
PA-EXP Pakistan Information technology 1
UK-EXP2 United Kingdom Quantity Surveyor and Project Manager 7
SA-EXP2 South Africa Construction project manager 10
TABLE 3 | Summary of findings of expert opinions. Source: Authors.
Expert opinion code Expert’s comments Changes effected
SA-EXP1 Variables Variables
In red, big data Big data was included. Security systems were modified to include smart
monitoring. Building informationmodelling and city informationmodelling
were included to fit into the smart building construction. Digital twin was
added as part of the city information modelling and IoT. Sustainability
and living lab were connected with smart building construction and
inclusive technology. The university community also added to the
inclusive technology. Facilities management and big data were
connected. Government planning legislation was connected to the
contractual arrangement and manufacturer extended responsibility.
NGO network is part of the community engagement.
Smart monitoring such as smart CCTV, tracking, image processing Model connection
5G, Information management (Building information modelling, City
information modelling), Digital twin, Property/Facility/Asset
management, Smart building
The suggested connections have been adopted in the model.
In blue, Sustainability, Living lab, Legislation and policy, Master plan
(National development plan), Awareness and availability. In black,
university community (students, academic staff, management staff,




IoT has a positive effect on inclusive technology. —
Inclusive technology also has a positive effect on smart building. —
UK-EXP1 Variables Variables
I would suggest a dynamic monitoring and reporting system as one of
the red variables. This system will monitor and display the performance
information relating to all other smart campus infrastructure.
The dynamic monitoring and reporting system has been included in
campus information modelling, building information management
system, and performance measurement.
PA-EXP Variables Variables
Smart resource management can be included as currently, the diagram
only depicts energy, whereas other supplies also need smart
management.
The smart resource management system has been connected with IoT,
5G, Big data and city information modelling. Health and wellbeing is part
of the sustainability variable.
Health and wellbeing —
UK-EXP2 Variables Variables
In red, Management Information System (MIS), Geographic Information
System (GIS).
The management information system is part of the city information and
building management information system. GIS has been added as part
of the geospatial and digital terrain requirements in the model. E-mobility
has been connected with the integration with existing technology.
In blue, geospatial computational problem, Digital terrain mapping,
E-mobility.
Other variables
Other variables A safety and security system was added as the smart monitoring and
security system.
Safety and security system —
SA-EXP2 Variables Variables
5G wireless network should be introduced among the smart campus
infrastructure (red variables). It is anticipated that the 5G network will be
used to power the IoT. Also, Smart finance like cryptocurrency and
smart transportation should be included either as a red or black variable.
5G wireless has been added to the model in red. Cryptocurrency is
outside the scope of this study. However, e-mobility and smart
transportation has been added to the model.
Arrow connections Arrow connections
There is poor connectivity between the red variables and the blue
variables. Also, there is poor connectivity between the performance
measurement (red variable) and project performance evaluation (black
variable)
Performance measurement has been connected with project
performance evaluation. More red and blue variables have been
connected with shadow variables.
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used in any country to transfer knowledge from smart
campuses to cities. For improvement purposes, new
variables were suggested by SA-EXP1, UK-EXP1, UK-EXP2,
and SA-EXP2.
The changes effected as presented in Table 3 enhanced
the quality of the causal loop model illustrated in Figure 5.
The significant improvement included variables such as
University community, building information management
system, smart resource management, city information
management system, facilities management, digital
twins, big data and 5G technologies. The validation of
the initial causal loop diagram was achieved effectively
by enhancing the constituents of the model in Figure 5.
The validated causal loop diagram can be used to
generate archetypes of explaining the findings and further
discussions.
FIGURE 5 | Validated smart campus to cities causal loop diagram (Legend: Red variables  smart campus infrastructure; Purple variables  smart campus
procurement, contracting and construction; Blue variables  opportunities and challenges for micro-transferring smart campus infrastructures and knowledge to cities;
In black  new variables that emerged from the causal loop; S  Positive; O  Negative; R  Reinforcing loop; B  Balancing loop). Source: Authors.
FIGURE 6 | Archetype 1- Smart campus technology and management. Source: Authors.
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System Archetypes of Smart Campus to
Cities Model
The purpose of including system archetypes in this model is to
clearly express the interconnectedness of important variables,
reinforcing and balancing loops. Wolstenholme (2004) and
Clancy (2018) explained that system archetypes express the
commonalities and interactions in a causal loop diagram.
System archetypes are extracted from their larger environment
to show that they can stand alone in another environment.
Systems archetypes are the important aspects of a causal loop
diagram that can be used for practical implementation. Figures
5–10 consist of systems archetypes taken out from the causal loop
diagram of Figure 5.
Archetype 1- Smart Campus Technology and
Management
The first system archetype, as illustrated in Figure 5, contains
reinforcing loops R1 and R2. Reinforcing loop R1 shows how
project performance evaluation of smart building construction
can be improved with facilities management. Further analysis
with data mining and deep learning architecture can inform the
improvements of smart buildings. Building information
management systems are connected with smart building
construction and performance measurement through deep
learning architecture in R2. IoT can be used to enhance the
existing smart buildings through building information
management systems.
FIGURE 7 | System archetype 2- Internet of things and data management. Source: Authors.
FIGURE 8 | System archetype 3- Smart campus construction. Source: Authors.
FIGURE 9 | System archetype 4- The role of smart campus in smart
cities development. Source: Authors.
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System Archetype 2- Internet of Things and Data
Management
Reinforcing loop R3 applies IoTs to improve city information
modelling architecture, smart resource management, and smart
monitoring and security system of Figure 6. IoT is dependent on
5G network, big data and performance management. Data
management is an integral attribute of smart campuses and
cities. Likewise, cloud computing is connected with big data
and further improvements through performance measurement
of smart campuses and cities.
System Archetype 3- Smart Campus Construction
Reinforcing loops R4, R7 and R8 are contained in the systems
architecture of Figure 7. Inclusive technology consists of smart
tools that help students with disabilities and learning difficulties.
Inclusive technology in R4 positively impacts the university
community and education management system. The education
management system also aids classroom instruction and
engagement platform, which in turn reinforces inclusive
technology. IoT as a shadow variable is required for the
benefit of the University community and inclusive technology.
The living lab is a fundamental variable that connects the
university community as a smart campus and the city through
smart buildings and sustainability in R7. The living lab in R8 is
reinforced by smart building construction through the specialist
contractor. Construction activities through tender analysis and
project performance evaluations are sacrosanct in R8.
System Archetype 4- The Role of Smart Campus in
Smart Cities Development
R5 and R6 in systems archetype 4 of Figure 9 provide a typology
of smart campuses for cities. The university’s role in providing
consultancy and up-skilling is driven by the government’s desire
to develop a smart city. Knowledge transfer of smart campus
funding sources can be shared with the government in R5. This
also aids loan and grant applications in R6.
System Archetype 5- Alleviating the Challenges of
Developing Smart Cities in Developing Countries
Balancing loops B1, B2, B3, and B4, as presented in Figure 10,
supports the systems archetypes for reducing the challenges of
transferring knowledge from the university system archetypes
with a smart campus to the cities in developing countries. B1
balances resistance to change by government officials and other
stakeholders such as community heads and residents with the
deployment of prototypes and stakeholder engagement. B2 and
B3 balance the challenge of ignorance in governments of
developing countries with the university’s role in consultancy
and up-skilling, along with community engagement meetings.
Balancing loop B4 may have resistance to change reinforced with
ignorance, but community engagement meetings can reduce
ignorance and resistance to change.
DISCUSSION
This section will purposely compare the findings of the systems
archetypes with the latest research in academia, highlight
practical implications for smart campus and cities development.
Implications of Findings for Smart Campus
Development
The practical application of the systems archetypes 1 to 3 for
smart campus development considers the essence of smart
technology, the internet of things with data management, and
procurement. Min-Allah and Alrashed (2020) and Omotayo et al.
(2021) sketch the infrastructure required for a smart campus.
However, Min-Allah and Alrashed (2020) and Omotayo et al.
(2021) did not include the living lab and smart resource
management in their frameworks. Negreiros et al. (2020)
noted that a smart campus could become a living lab for
simulating how a smart city should look like.
FIGURE 10 | System archetype 5- Alleviating the challenges of developing smart cities in developing countries. Source: Authors.
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The outcome of performance measures derived for continuous
improvement of smart campuses can be shared with the
government to benefit the city. Likewise, smart resource
management provides a virtual library or database of all
knowledge and data generated from smart technology and
infrastructure (He et al., 2016). The living lab and smart
resource management concept may not be viewed in many
emerging smart campuses as opportunities for a city-wide
transference of knowledge. The system archetypes 1 to 3
provides a practical approach for developing and enhancing
existing smart campuses in developing countries as supported by
Min-Allah and Alrashed (2020); Omotayo et al. (2021); Zhicheng
and Feng, (2018); Zhou et al., 2020; and Moura et al. (2021).
Procurement and tendering practices in smart campus
construction are salient attributes of that can be shared with local
governments in developing countries for smart city development.
Information management systems of smart campuses infrastructure
is another important aspect that can be facilitated with building and
city information modelling. The purpose of understanding the
nature of smart campus development in this study portends the
nature of smart cities in developing countries. It is important to note
that the systems thinking archetypes may also be valid for developed
countries with existing smart campuses.
Implications of Findings for the
Development of Smart Cities
Unlike other frameworks designed by AbuAlnaaj et al. (2020); Imbar
et al. (2020) for smart campuses and cities where IoTs and cloud
computing formed the main attributes, this study identified more
with the end-users and management of smart infrastructure. The
systems archetypes 4 and 5 in Figures 9, 10 support smart campus
technology’s transference to cities. The funding sources for smart
campuses, procurement, contractual arrangements, and construction
approaches can be shared with the government. The concept of a
smart campus has been embraced in different parts of the world with
its many solutions to different aspects of an academic environment,
primarily as a micro-scale city for smart cities. Lehman (2020)
highlighted that Arizona state university, the University of Texas,
theUniversity ofMichigan and theUniversity ofWisconsin-Madison
are a few US Universities that have adopted smart campus solutions.
Some of the solutions include but are not limited to sensors and
powerful cameras to ensure operational efficiency and improved
entertainment scenes in a football stadium in Arizona State
University. At the same time, the University of Texas Austin
provides all of the electricity needed through the largest
microgrids for 150 buildings within its premises. The both
University of Michigan and the University of Wisconsin-Madison
designed an autonomous vehicle trend that increases safety and
reduces energy emissions. The aforementioned smart technologies
are present in the city’s housing the universities. Developing smart
campuses as a living lab for smart cities can be adopted in developing
countries. In Brazil, Negreiros et al. (2020) campus smart grid and
energy management are expected to be expanded to the large urban
environment. Cloud computing and digital asset management
provides a foundation for developing smart transportation systems
in cities (Abuarqoub et al., 2017; Negreiros et al., 2020).
Smart campus development is premised on the concept of
cloud computing as well as other recent technologies (Benltoufa
et al., 2018; Flammini et al., 2018). Isolated systems such as office
management, finance management, education management and
other related systems are integrated into one system through
cloud computing (Nie, 2013). Ikrissi and Mazri (2020) study
listed the components relating to cloud computing in smart
FIGURE 11 | Force field of achieving smart cities in developing countries. Source: Authors.
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campus solutions, which has proven important for ease of
operation within the campus ecosystem. They comprise
embedded computing, biometrics, smart community and other
smart applications. The technology adopts numerous devices and
sensors connected to carry out simple tasks such as crowd
detection, adaptive learning and local binary patterns. There
are no differences in smart technologies on campuses and the
concepts for commercial offices, residential accommodation,
factory, transport, health and energy management systems in
cities (Bates et al., 2015; Agarwal et al., 2020). Consequently,
smart campuses have also been postulated as living labs for smart
cities (Atif et al., 2015; Nina et al., 2016; Flammini et al., 2018).
The concept of living labs in smart campuses can be used to
understudy end-user interaction with smart technologies, identify
what works well and propose continuous improvement through
the transference of smart technologies.
Irrespective of the resistant force of transitioning smart
campuses to cities, as indicated in Figure 11, developing
countries can leverage any existing smart campus as a living lab
to gradually include smartness in their cities’ infrastructures. The
key driving forces of transitioning smart campuses to cities are the
capabilities of IoTs and data management and the university’s
knowledge of smart campus construction. With the abovesaid
driving forces, the challenge of integration with existing
technology and community engagement issues can be resolved.
CONCLUSION AND LIMITATIONS OF THE
STUDY
This study aimed to develop a model that examines the
interrelationship between infrastructure elements of smart
campuses as a tool for smart cities in developing countries
using the system thinking approach. The findings identified the
key attributes of smart campuses in the form of systems archetypes
from a validated causal loop diagram. Smart campus technology
and management; IoTs and data management; smart campus
construction; the role of smart campus in smart cities
development; the reduction of challenges of developing smart
cities in developing countries are the key findings of this study.
Financial opportunities from foreign financial lending agencies
must be the last resort after considering repurposing budgetary
allocation for infrastructure, PPP arrangement, investment, and
internal funding sources. Universities with smart campuses can
also be used as consultants and training agents for the property and
infrastructure department.
The present approach of acquiring smart campusesmust be based
on a framework that can be transferred to the environment outside
the campus. In this regard, smart campus construction framework as
identified in archetypes 1 to 3,must feed into archetype 4whereby the
governance of smart campuses act as champions of smart cities.
Likewise, archetype 5 can be used in developing and developed
countries to enhance the smartness infrastructure of cities. The
transference of knowledge from smart campuses to cities around
the world can focus on the smart mobilities for transportation,
management of smart assets, big data storage and analytics, safety
and security, energy management, building and city information
modelling. The procurement and contractual arrangements adopted
for smart campus construction can also be shared with local
governments in charge of smart city development.
The desire to attain smartness is cities around the world, depends
on the willingness of the government, technological capabilities and
availability of funds. Furthermore, the developed countries with smart
cities can study campuses within their cities as living labs for
continuous improvement of their smart infrastructure. Smart
campuses as living labs are inclusive of students with disabilities
as part of the community of campus users, their reaction and
application to smart technologies and lifestyle changes can be
extracted as a form of big data for the purpose of analytics. The
idea of smart campuses acting as living labs for new technologies is a
major concept worth exploring by governments around the world.
The limitations of this study were a source of data from a single
geographical location, South Africa. Additional data from
multiple countries and case studies of campuses in developing
countries may be used in future studies. Although the study was
also qualitative, quantitative data may be collected and analysed
to understand the most important smart campus technologies or
preferred procurement strategies. Notwithstanding, the aim of
this study was resolved using the validation of the causal loop
diagram and importation tool in systems thinking.
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